Objective: To determine the characteristics of a TTX-sensitive Ca 2 + current that occurred only following remodelling after myocardial infarction in Wistar rat. Methods: Using the whole-cell patch-clamp technique, we studied ionic inward current in myocytes isolated from four different ventricular regions of control Wistar rat hearts, or from hearts 4 to 6 months after ligation of the left coronary artery. Inward current characteristics were also analysed in Xenopus laevis oocytes that heterologously expressed the human sodium channel a-subunit Nav1.5. The effects of oxidative stress by hydrogen peroxide or tert-butyl-hydroxyperoxide as well as those of PKA-dependent phosphorylation, which partly mimic the pathological conditions, were investigated on control cardiomyocytes and Nav1.5-expressing oocytes. Results: In Na-free solution, a low-threshold, tetrodotoxin-sensitive inward current was found in 20 out of 78 cells isolated from 16 post-myocardial infarcted (PMI) cardiomyocytes but not in cardiomyocytes from young and sham rat hearts. This current exhibited kinetics and pharmacological properties similar to the I Ca(TTX) current previously reported. I Ca(TTX) -like current was critically dependent on extracellular Na + and was reduced by micromolar Na + concentrations. Neither in normal rat cardiomyocytes nor in Nav1.5-expressing oocytes could a I Ca(TTX) -like current be elicited in Na + -free extracellular solution, even after oxidative stress or PKA-dependent phosphorylation. Conclusions: Our data suggest that I Ca(TTX) -like current in PMI myocytes does not arise from classical Na + channels modified by oxidative stress or PKA phosphorylation and most probably represents a different Na + channel type re-expressed in some cells after remodelling.
Introduction
Myocardial remodelling secondary to myocardial infarction implies changes that result in rearrangement of normally existing structures. This process is usually accompanied by arrhythmogenic activities [1, 2] . Action potential prolongation is a major contributing factor to the arrhythmia observed in heart failure [1, 3] . The cellular and molecular processes that underlie action potential prolongation have been mostly attributed to a down-regulation of K + currents [1, 4] . However, alterations in other ionic channels such as L-type Ca 2 + current [4] and fast inward Na + current [5, 6] have also been described. Ca 2 + permeation through Na + channels and TTX-sensitive Ca 2 + currents (I Ca(TTX) ) have been documented for some time [7] . Detailed characterizations of I Ca(TTX) in cardiomyocytes bathed in low or Na-free solutions have appeared [8] [9] [10] . These investigators agreed that Ca 2 + -permeation is critically dependent on the presence of extracellular Na + . This fact, together with the insensitivity of I Ca(TTX) to organic and inorganic Ca 2 + -channel blockers [11] and its sensitivity to TTX, led the investigators to conclude that these currents represent Ca 2 + permeation through Na + channels. However, while Cole et al. [8] essentially proposed that I Ca(TTX) represents Ca 2 + movement through classical Na + channels, Aggarwal et al. [9] suggested that it represents a new cardiac Na + channel. Furthermore, Na + channels have been suggested to pass Ca 2 + ions after PKA-dependent phosphorylation [12] . Although this observation remains controversial, it suggests that channel selectivity could be modulated. Whether I Ca(TTX) represent alterations in the behaviour of channel proteins, in their environment, or expression of new isoforms of ion channels is still to be clarified. These factors contribute to the pathogenesis of myocardial remodelling and failure that might also include alterations in ion channel gene expression [13] .
We previously reported the existence of a tetrodotoxinresistant Na + current (I Na(TTX)R ) in ventricular myocytes from 4 -6-month post-myocardial infarcted (PMI) rats [6] . This chronic infarcted rat heart model of left ventricular dysfunction is clinically relevant and has predicted results in pathophysiologic and pharmacologic studies in man [14] . The I Na(TTX)R may provide inward charges in a critical membrane potential range that could be able to alter action potential duration and may trigger ventricular arrhythmias. Additionally, some of these cells also showed an inward, TTX-sensitive Ca 2 + current, or I Ca(TTX) -like current, in the absence of Na + . Interestingly, we only found this current in PMI cardiomyocytes and not in cardiomyocytes from normal or sham Wistar rat hearts. It was thus our interest to characterize the I Ca(TTX) -like current in PMI cardiomyocytes and to test whether its occurrence in this model was related to changes in I Na induced by the pathological situation that include oxidative stress [15, 16] and chronic catecholamine stimulation [17] . Patch-clamp experiments on cardiomyocytes isolated from control and PMI rats were combined with voltage-clamp recordings of Nav1.5 channel current heterologously expressed in Xenopus laevis oocytes. The I Ca(TTX) -like current occurred only in PMI cells. Neither in normal rat cardiomyocytes nor in Nav1.5-expressing oocytes could a I Ca(TTX) -like current be elicited in Na + -free solution, even after oxidative stress or PKA-dependent phosphorylation, two situations known to markedly occur during infarction. Our data suggest that I Ca(TTX) -like current in PMI myocytes does not arise from classical Na + channels and most probably represents a different Na + channel type reexpressed after remodelling.
Methods

Isolation of ventricular myocytes
Ventricular myocytes were isolated from the collagenase-perfused heart isolated from urethane-anaesthetized (2 g/kg, IP) young normal (180 -230 g), sham or PMI Wistar rats (600 -700 g) after it had been cut in four pieces as previously described [4, 6] : right ventricle, septum, apex and left ventricle, above the scar in PMI rats. The investigation conforms with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996) . The yield of well-striated, elongated cells was 60-70%, 50% and 30 -40% for young, sham and PMI animals, respectively. Cells were used within 6 -8 h.
Solutions and drugs
The standard extracellular Na + -containing solution was (mM): NaCl 30, NMDG or TEA -Cl 110, CaCl 2 5.4, MgCl 2 2, glucose 10, HEPES 10; pH 7.4 adjusted with CsOH, or TEA -OH when using TEA -Cl. In some experiments, NaCl was decreased to 10 mM; TEA -Cl or NMDG were then increased to 130 mM. The Na + -free extracellular solution contained no NaCl but NMDG or TEA -Cl 140 mM. The internal solution contained (mM): CsCl 100, TEA 20, EGTA 10, HEPES 10, Na 2 ATP 5, Na 2 GTP 0.4; pH 7.3. All salts and compounds were from Sigma but nifedipine (Bayer).
Voltage clamp recordings
Na
+ and TTX-sensitive Ca 2 + currents (I Na and I Ca(TTX) ) were recorded at 20 -22 jC during 100-or 200-ms depolarizing pulses applied every 4 s from a À 100-mV holding potential (HP) using a patch-clamp amplifier (model RK-400; Biologic, France) and filtered at 3 kHz. Currents traces were digitized at a sampling interval of 20 -50 As with a 12-bit analog to digital converter (LabMaster DMA, Scientific Solutions, USA) and the ACQUIS1 software (version 2; CNRS Licence, France). The series resistance (Rs), membrane capacitance (Cm) and time constant of membrane capacitance (s c ) were determined on voltage-clamped cells [4, 6] . Current data of each cell were normalized to its cell capacitance (current density in pA/pF). Averaged cell capacitances were: 133.3 F 8.1; 313.5 F 13.9 and 325.0 F 12.4 pF in young (n = 25), sham (n = 38) and PMI cells (n = 78), respectively.
Heterologous channel expression and voltage-clamp recordings in X. laevis oocytes
Oocytes were removed from female X. laevis frogs anaesthetized by immersion in a solution containing 0.2% 3-aminobenzoic acid ethyl ester (tricaine, Sigma). Oocytes were digested for 90 min with 1.3 mg/ml collagenase (type 1A, Sigma) dissolved in a solution OR2, containing (mM): NaCl 82.5, KCl 2.5, MgCl 2 1, HEPES 5; pH 7.6. Oocytes were coinjected into the nucleus with a nanolitre automatic injector (A203XVY; World Precision Instrument, USA) with 2-10 ng of Nav1.5 human a-subunit and h 2 /a 1 -subunit cDNA clones at a ratio of 1:5 [18, 19] [19] . Agaroseplugged electrodes (TW150, World Precision Instruments) were filled with 3 M KCl. Data analysis was performed using pClamp software (Version 7.01, Axon Instruments, USA).
Statistical evaluation
Results were analysed by the Students' t-test and expressed as means and standard error of means. The criterion for significance was p < 0.05.
Results
Data concerning heart and haemodynamic status of PMI rats used in this study have been previously published [4, 6] . Typically in PMI rats, left ventricles were markedly dilated under M-mode echocardiography and heart weight/body weight was increased by 40% despite large infarcted area while end-diastolic pressure demonstrated a significant increase.
In each of the 25 cells isolated from seven young control rat hearts and 38 cells isolated from seven sham 4 -6-month-old rats bathed in 10 or 30 mM Na + solution, a large, partially controlled Na + current was elicited by À 40 mV depolarizations. This fast I Na was fully inhibited by 50 AM TTX. After extracellular Na + removal, I CaL with a threshold potential around À 30 mV was the only inward current elicited in these cells.
Existence of a TTX-sensitive Ca 2+ current in PMI rat cardiomyocytes
In a previous study [6] , we reported that among the 78 studied PMI cells, 41 of them exhibited a TTX-resistant inward current, I Na(TTX)R . After switching to the Na + -and TTX-free solution in 6 out of these 41 cells, an inward current was still present, even at membrane potentials negative to the I CaL activation threshold. Such a lowthreshold inward current was also observed in 14 out of the 37 cells that did not show I Na(TTX)R implying that 23 out of the 78 PMI cells exhibited only the usual Na + and L-type Ca 2 + currents. The characteristics of this current were further studied in a total of 20 cells that were routinely monitored in Na decreased it by 31 F 5% (n = 4; p < 0.05; not shown).
To further characterize this current component in our experimental conditions, current-to-voltage relationships and availability curves were established from a holding potential of À 100 mV first, in a Na + -and TTX-free solution (all Na + substituted by TEA or NMDG) and then in the same solution added with 50 AM TTX. Difference current threshold was around À 60 mV and maximal peak density (2.23 F 0.5 pA/pF; n = 9) occurred at around À 30 mV, a potential just below I CaL threshold. The apparent reversal potential was close to + 5 mV indicating a rather poor selectivity (Fig. 2A) . Half-inactivation and -activation potentials, determined from the best fits of experimental means to Boltzmann functions, were À 67.0 and À 34.9 mV, respectively (Fig. 2B) . Time for half-reactivation was 21.1 F 0.7 ms. However, reactivation curve was clearly biphasic showing a delay and could be best fitted by a double exponential (n = 4; Fig. 2C ).
These characteristics led us to identify this TTX-sensitive current in PMI cells as the I Ca(TTX) previously reported in guinea pig, rat and human cardiomyocytes [8 -10] .
I Ca(TTX) recorded in 20 PMI cells out of 78 investigated showed quite variable amplitude. It appeared to occur with roughly the same frequency and mean amplitude in the four defined regions (septum, apex, left and right ventricles), a result that might however, be attributed to the relatively low number of cells investigated in each region (Table 1 ). There was no sign of a low-threshold Ca 2 + current, I CaT in any of the 78 cells so investigated in 16 chronic PMI rat hearts, nor in control cardiomyocytes.
The amplitude of I Ca(TTX) in PMI cells was altered by micromolar extracellular Na + (Fig. 3 ). In the Na + -free solution, peak density of I Ca(TTX) at À 40 mV was 2.25 F 0.4 pA/pF (n = 20). Adding 10 AM Na + to the bathing solution reduced the current while the presence of 30 AM Na + maximally inhibited I Ca(TTX) by 58.3 F 5.4% (n = 4; p < 0.05). Further increasing the Na + concentration enhanced the current elicited at À 40 mV. Current kinetics were slow and unaffected by the low Na + concentrations. In 11 cells, time-to-peak of I Ca(TTX) at À 40 mV was 3.6 F 0.4 ms and its inactivation time course could be well described by the sum of two exponentials (Table 2 ). In the nine other cells, the time-to-peak was larger (5.5 F 0.1 ms; P < 0.05), and the inactivation time course was best fitted by a single exponential. These differences were irrespective of cell origin series resistance and current density.
Oxidative stress does not induce I Ca(TTX) -like currents in normal cardiomyocytes or oocytes expressing Nav1.5 channels
To evaluate the effects of oxidative stress, single cardiomyocytes from young rats and Nav1.5-expressing oocytes were exposed to H 2 O 2 [20] or tert-butyl hydroperoxide, t-BHP [21] . During routine monitoring using PMI cardiomyocytes, I Na was evoked at À 40-mV depolarisation in a low 10-mM Na + solution to improve voltage-clamp control and had a density of 10.9 F 1.9 pA/pF (n = 15). Inactivation time course could be well fitted by two exponentials in 9 out 
with A0 = 0, A1 = 80, A2 = 20 being the minimal and maximal amplitudes, t1 = 18.7 and t2 = 98.4 ms, the half time and d1 = 6 and d2 = 20 ms, the time constant of the first and second components, respectively (n = 4). of 15 cells and in the 6 other cells by a single exponential (Table 2 ), irrespective of times to peak current which were 0.60 F 0.04 and 0.68 F 0.06 ms. The addition of H 2 O 2 to the low Na + solution within 1 min decreased I Na elicited at À 40 mV by 24.6 F 2.1% (n = 3) 54.6 F 5.1% (n = 4) and 56.8 F 3.2% (n = 5), respectively, in 0.1, 1 and 3 mM H 2 O 2 , without modifying I Na inactivation time course. Then, on applying the Na + -free solution, no inward current could be detected at À 40 mV nor in the whole range of potentials negative to À 40 mV in any of the seven studied cells in Na + -free solution in the presence of H 2 O 2 (Fig. 4A) . Under control experimental conditions, Nav1.5-expressing oocytes displayed a I Na whose activation threshold was around À 60 mV, a maximum value at À 30 mV and reversal potential at around + 30 mV as previously reported [19] . In 10 oocytes, mean I Na monitored at À 30 mV was 4.76 F 0.36 AA. Inactivation time course of I Na could be well described by two exponentials with time constants of 1.06 F 0.16 and 6.13 F 0.74 ms (n = 25). No inward current could be detected in the Na + -free solution even when Ca 2 + concentration was enhanced to 20 mM. Only 40% of the oocytes displayed an outward current at + 30 mV, a fact that could be related to the decrease in open probability of Na + channels in Na + -free medium [22] . H 2 O 2 applied at concentrations of 3, or even 9 mM, caused no changes in I Na amplitude or inactivation kinetics. Under this condition for periods of 5 min or more, removing the extracellular Na + suppressed the inward current at À 30 mV in every oocyte (Fig. 4B) . In control or in Na + -free and H 2 O 2 -containing current in control cardiomyocytes or Nav1.5 expressing oocytes. In the presence of 3 mM H 2 O 2 , removing Na + from the perfusing solution fully suppressed the inward current elicited by depolarising pulses to À 40 mV in rat control cardiomyocyte initially bathed in 10 mM Na + (A) or to À 30 mV in Nav1.5-expressing oocyte initially bathed in 30 mM Na + (B). Inset: Current tracings elicited in the indicated conditions. solutions, no inward current was seen in the whole range of negative potentials.
Similar experimental series were conducted using 100-AM tert-butyl hydroperoxide, t-BHP. t-BHP decreased I Na by 40.5 F 4.2 % in normal cardiomyocytes (n = 4) but not in oocytes (n = 8); it did not alter I Na inactivation time course. After applying a Na + -free solution with t-BHP, no inward current could be recorded in both cell types (Fig. 5). 3.3. Adenylate cyclase stimulation does not induce I Ca(TTX) -like currents in normal cardiomyocytes or Nav1.5 channelexpressing oocytes
To evaluate the effects of adenylate cyclase stimulation, cardiomyocytes (n = 4) from young normal rats and Nav1.5-expressing oocytes (n = 7) were exposed to forskolin, FSK. Single cardiomyocytes perfused with a 10-mM Na + solution showed a non-significant tendency (5.0 F 2.9%) to increase I Na when exposed to 5-AM FSK. After 10 min in this solution, Na + removal suppressed the inward current observed at À 40 mV or lower depolarising potentials (Fig. 6A) . Similarly, control cardiomyocytes acutely tested, or preincubated for 4-h, with 1 AM isoproterenol never demonstrated any inward current in the absence of Na + ions (not shown). FSK treatment of Nav1.5-expressing oocytes decreased I Na at À 30 mV by 14.3 F 1.04% and left unaffected its inactivation time course. FSK was unable to allow for any inward current bathed in a Na + -free solution (Fig. 6B) .
Discussion
The most salient feature of the present results, under specific experimental conditions (negative HP, Cs + instead of K + ions, low external Na + ), is the demonstration of a TTX-sensitive inward current only in PMI ventricular cardiomyocytes from Wistar rats with properties similar to I Ca(TTX) previously described in human atrial [10] Sprague -Dawley rat [9] and guinea pig [8] ventricular myocytes. Our results also suggest that this current does not arise from modifications of the Nav1.5-channel selectivity during remodelling. current in rat control cardiomyocytes or Nav1.5 expressing oocytes. In the presence of 100 AM t-BHP, removing Na + from the perfusing solution fully suppressed the inward current elicited by depolarising pulses to À 40 mV in rat control cardiomyocyte initially bathed in 10 mM Na + (A) or to À 30 mV in Nav1.5-expressing oocyte initially bathed in 30 mM Na + (B). Inset: Current tracings elicited in the indicated conditions. 
Properties of I Ca(TTX) recorded in PMI-rat cardiomyocytes
As in previous studies [8] [9] [10] , I Ca(TTX) in PMI cardiomyocytes was fully inhibited by TTX concentrations that abolished I Na and exhibited a low reversal potential around + 5 mV. It was not blocked by the inhibitors of T-and Ltypes Ca 2 + channels, Ni 2 + , Co 2 + or nifedipine while the well-known Na + channel ''agonist'' veratrine markedly prolonged its inactivation. The present results further show that Cd 2 + (100 AM) only partially blocked I Ca(TTX) in PMI rat cells, in contrast to the full inhibition induced by 20 AM Cd 2 + in human cells [10] . These specific experimental conditions allow us to visualize that I Ca(TTX) represents Ca 2 + permeation through a poorly selective Na + channel aside of the usual one.
The kinetics of I Ca(TTX) in PMI cardiomyocytes are roughly similar to those of the I Na we recorded in 10 mM extracellular Na + , i.e. fast kinetics of activation and inactivation and a threshold positive to À 60 mV. Half-inactivation of I Ca(TTX) occurred at potentials ( À 67.0 mV) similar to that of the I Na ( À 73 mV) recorded in normal cardiomyocytes superfused with 10 mM extracellular Na + plus 5.4 mM Ca 2 + , but less negative than the values previously reported by Lemaire et al. [10] ( À 96 mV) and Aggarwal et al. [9] ( À 83.1 mV) using 2 and 3 mM extracellular Ca 2 + , respectively. Furthermore in our experiments, 45% of the cells showing I Ca(TTX) displayed one inactivation constant, while inactivation time course of the other 55% was best fitted by two exponentials. This is similar to our observations in normal cardiomyocytes where I Na in 40% of the cells in a 10-mM Na + , 5.4-mM Ca 2 + solution inactivates with a single exponential and 60% with two exponentials. However, the values of the time constants are higher, a fact that could be related to changes in gating properties of Na + channels due to the low-Na + solution [22] . Our results show many similarities with those of Akaike and Takahashi [7] . They reported the existence of a TTX-sensitive Ca 2 + current in neurons from the rat hippocampal CA1 region with half-inactivation and -activation potentials of À 72.5 and À 42.5 mV, respectively, in 10 mM Ca 2 + while in 5.4 mM Ca 2 + , we found À 67.0 and À 34.9 mV, respectively, with similar potentials for threshold and peak I Ca(TTX) . As well, recovery from inactivation was biphasic in both PMI rat cells [5] and CA1 neurons with fast and slow time constants of 18.7 and 98.4 ms and 13 and 120 ms, respectively. The two inactivation time constants of I Ca(TTX) in CA1 neurons were faster than those obtained in cardiocytes that showed two inactivation time constants [13] .
Origin of I Ca(TTX) recorded in PMI-rat cardiomyocytes
Several lines of experimental evidence, notably singlechannel recordings, established convincingly that the membrane contains distinct sets of pores, each with its own distinctive selectivity properties. Nevertheless, the prevailing view that ion channel selectivity is preserved during normal electrical activity was recently challenged. In rat ventricular myocytes, Na + channels were reported to conduct Ca 2 + well after cyclic AMP-dependent phosphorylation, the ''slip-mode conductance'' [12, 23] . Besides, in guinea pig and in Sprague -Dawley rat, a Na + -independent, TTX-sensitive current was recorded when the external solution contained no or very little Na + [8, 9, 24] . Cole et al. [8] suggested that I Ca(TTX) in guinea pig cardiocytes represents Ca 2 + flux through the classical Na + channels, whose selectivity and gating were modified in low-Na + or Na + -free extracellular solutions. Their main argument was that micromolar extracellular Na + was able to block I Ca(TTX) . In contrast, the fact that activation and inactivation kinetics of I Ca(TTX) are slower than those of I Na recorded in low Na + solution, as well as that activation and inactivation curves of I Ca(TTX) are both shifted to more negative potentials, led Balke's group to propose that I Ca(TTX) channels are distinct from classical Na + channels and are non-interconvertable [8, 25] . They recently reinforced this view by showing that an antisense oligonucleotide against H1 inhibits the Nav1.5-generated current but not I CaTTX [26] .
The occurrence of a new ionic current, I Ca(TTX) -like, only in PMI cells defined by its ionic charge carrier, its pharmacology and its TTX-sensitivity led us to question the nature of the channel protein. Two main possibilities are: alterations in the behaviour of the classical Na + channels (Nav1.5) induced by environmental changes during remodelling and/or alterations in ion channel gene expression. Our results demonstrate that, as shown by Cole et al. [8] , I Ca(TTX) -like current in PMI-rat cells is reduced by adding micromolar extracellular Na + while millimolar concentrations as used by Akaike and Takahashi [7] increase the current (Fig. 3) . This observation suggests that Ca 2 + and Na + would compete for a binding site within the Na + channel pore, similar to the well known Ca 2 + -Na + competition at the L-type Ca 2 + channel pore [27] . However, after expressing the Nav1.5 channel in Xenopus oocytes, we could not find a I Ca(TTX) -like current in Na + -free solution even when Ca 2 + concentration was increased from 5.4 to 20 mM. Similarly, no such Ca 2 + current could be observed by Nuss and Marban [28] after heterologous expression in CHO while Chen-Izu et al. [25] and Guatimosin et al. [24] (taking into account the surface charge effects, see Chen-Izu et al. [25] ) reported that Nav1.5 channels expressed in HEK-293 cells showed a small but noticeable Ca 2 + permeation in Na + -free solution. The absence of I Ca(TTX) in Xenopus oocytes and also in normal and sham cardiomyocytes suggests that this current is not flowing through classical Nav1.5 channels, thus representing a ''new'' Na + channel as indicated by Balke's group [9, 25, 26] . Nevertheless, since we only found I Ca(TTX) in PMI cardiomyocytes, it could be possible that I Ca(TTX) in these cells arises from Ca 2 + permeation through Nav1.5 channels modified during remodelling in Wistar rats. Also, the fact that the TTX-sensitive Ca 2 + permeation in very low or Na-free solutions is seen in guinea pig [8] and Sprague -Dawley rats [9, 24, 25] but not in control Wistar rats (these results), and in Nav1.5-expressing HEK293 cells [24, 25] but not in CHO [28] or Xenopus oocytes (these results) might indicate the existence of an uncontrolled experimental factor which affects Na + channel selectivity. Two main possibilities, not mutually exclusive, were tested in normal rat cardiomyocytes and in Xenopus oocytes expressing Nav1.5 channel for the occurrence of Ca 2 + permeation through Nav1.5 channels modified during remodelling: oxidative stress and sustained stimulation of PKA. Evidence exists for a role of oxidative stress [15, 16] and of chronic catecholamine stimulation [17] . Both conditions are also known to affect classical I Na [21,29 -31] . However, neither oxidative stress induced with H 2 O 2 or t-BHP, nor activation of PKA by forskolin, induced I Ca(TTX) -like currents in control Wistar rat cardiomyocytes or Nav1.5-expressing oocytes in Na + -free extracellular solution. Here it is to note that oxidative stress (H 2 O 2 or t-BHP) decreased peak I Na in normal cardiomyocytes as in frog cardiomyocytes [21] but barely affected Nav1.5 currents in oocytes, as previously shown in both Xenopus oocytes and HEK 293 cells [32] .
h-Adrenergic stimulation PKA gives rise to complex effects in Na + channels in cardiac cells but the prevailing feature is that I Na is increased together with a shift in gating properties [29 -31] . Although it was not the purpose of this work to further investigate these effects, we found that direct stimulation of adenylate cyclase by FSK induced a modest increase in I Na in normal cardiomyocytes but not in Nav1.5-expressing Xenopus oocytes. Yet, the most crucial result was that neither in cardiomyocytes nor in oocytes, PKA activation induced a I Ca(TTX) -like current in Na + -free extracellular solution. This result confirms, in part, those of Chandra et al. [33] , Nuss and Marban [28] and Hirano and Hiraoka [34] who showed that h-adrenergic stimulation does not change the Na + /Ca 2 + selectivity of the Nav1.5 channel. Aside from experimental artifacts or pathophysiological changes related to remodelling, the I Ca(TTX) -like currents recorded in PMI-rat cells could also result from alterations of the genetic program during remodelling. Recent results showed that PMI-rat hearts showed an increased expression of brain type I Na + channel (Nav 1.1) protein with reversion of the Ia/I isoform ratio to the fetal phenotype and suggested that the increase in the slow component of I Na in remodeled-PMI cardiomyocytes is secondary to the increased expression of brain type I Na + channel [13] . Taking into account that Nav 1.1 are expressed in both heart [35] and hippocampal neuron and the similarities between the properties of I Ca(TTX) described by Akaike and Takahashi [7] and in the present results, it could be suggested that the I Ca(TTX) -like current found in PMI-rat cardiomyocytes represents the over-expression of Nav 1.1 isoform. Indeed, roles for this channel type were recently demonstrated in ventricular and sinoatrial node mouse cells [36] . That Nav1.1 heterogously expressed channels could carry Ca 2 + ions in the absence of Na + remains to be demonstrated. Moreover, experimental alterations of Na + channel selectivity and changes in Nav isoforms are not exclusive.
This biophysical approach has allowed us to demonstrate the occurrence of a TTX-sensitive channel with specific characteristics . Although it will hardly carry Ca 2 + under control conditions, it will in some part contribute to the depolarising current by letting Na + to go through, aside of the usual Na + channel. A last important feature of this study in rat heart is that myocardial infarction after long-term left coronary artery ligation induces similar alterations in all regions including the right ventricle. The increases in both length and width, the decrease in K + currents [4] , and the occurrence of I Na(TTX)R [6] and I Ca(TTX) in cells isolated from the four selected ventricular regions attest that a large infarcted area has deleterious consequences for the whole heart.
